TO THE EDITOR: As comprehensively explained in their Viewpoint article (1) , the answer to the question posed in the title has received conflicting answers. Since the contractile machinery in children is the same as that in adults, there is no reason to believe that specific force should differ as a function of developmental stage. However, this question can only be answered unequivocally in studies using preparations where muscle force can be measured directly, activation is controlled, and the physiological cross-sectional area can be measured accurately.
In human studies, muscle forces are estimated based on resultant joint moments obtained from the interaction of agonistic and antagonistic muscles, a mathematically indeterminate problem that has not been solved to date (e.g., Ref. 2) . Furthermore, perfect alignment of the joint axis with the strength dynamometer and no movement of this axis during contraction is required: an impossible task. Finally, comparison across maximal voluntary contractions (MVCs) is not made easily, as MVCs cannot be defined uniquely because muscles have a greater force potential than the forces that can be produced voluntarily (3) . The twitch interpolation technique does not help either to resolve this problem, as it is associated with large uncertainties (4) .
Differences in specific muscle strengths between adult and children are likely small, if they exist at all. Therefore, accurate force measurements and perfectly controlled nerve activation in conjunction with PCSA measurements that account for noncontractile components are required to determine specific strength differences in skeletal muscles across the developmental stages. Recently, a study provided evidence indicating that the specific tension of muscle is similar between children and adults (4). The procedures for determining the physiological cross-sectional area and muscle force used in that study will be criteria in future studies aiming to examine the specific tension of human muscles in vivo and to clarify growth-and/or muscle-related differences. However, it is true that there are technical difficulties in accurately determining the muscle architecture and moment arm during maximal voluntary contractions. This may be a source of new discrepancies among findings. On the other hand, the accuracy of joint torque and muscle volume measurements is relatively high. Assuming that the muscle strength is associated with the muscle size in children and adults, without age-related differences in the muscle strength per size, the y-intercept of the regression line for the relationship between the two variables in each of the two age groups must not differ from zero, without age-related differences between the two regression lines. This may be satisfied using the joint torque and muscle volume as variables representing the muscle strength and size, respectively (1, 3). Our comment on the Viewpoint (2), not on the age-and/or muscle-related differences in specific tension, is that tests of how joint torque is related to muscle volume in various muscle groups for children and adults will be a simple and optimal approach for examining whether muscle size accounts for strength differences between the two age groups.
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DIFFERENTIAL MOTOR-UNIT ACTIVATION PATTERN-THE "MISSING LINK" IN UNDERSTANDING CHILD-ADULT STRENGTH AND OTHER DIFFERENCES
TO THE EDITOR: Bouchant et al. (1) raise the question of whether the increasing muscle strength during growth and maturation can be fully explained by the increasing muscle size. The authors justly point out that factors such as changes in tendon compliance, agonist-antagonist cocontraction, and volitional muscle activation, should be considered. To these, possible differences in muscle composition should also be added. No study has examined all these factors in conjunction with the numerous morphological changes taking place during growth. However, in a carefully conducted study, O'Brien et al. (4) recently showed that 75% of boys-men (50% of girls-women) differences in muscle strength are attributable to differences in muscle size (cross-sectional area, volume, moment arm) and that the remainder of the age-difference is mainly due to differences in volitional muscle activation.
We suggest, more specifically, that this age-related difference in muscle activation is largely a difference in the utilization of type II motor units. Namely, that compared with adults, children are substantially less capable of recruiting, or fully employing, their higher-threshold, type II motor units. This hypothesis of differential motor-unit activation can explain not only size-normalized differences in muscle strength, but also other strength-related differences, such as, lower short-term power (2), slower force kinetics, faster recovery from exercise (2), and children's non-hypertrophic response to resistance training (3). Also explained are non-strength-related differences, such as greater muscle endurance, lower glycolytic enzyme activity, greater fat utilization, and lower carbohydrate utilization during exercise (5) .
No other single factor can account for all these observations. (1) emphasize many methodological limitations, including the common use of anatomical cross-sectional area (ACSA) to normalize strength data in the pediatric literature. In addition, both ACSA and moment arm lengths are often approximated using assumed proportionality to anthropometric measures. This is despite the inaccuracies inherent in these approaches and a lack of research supporting scaling relationships between moment arms and anthropometric dimensions (4). As more assumptions are made to consider the adjustment of strength for differences in muscle size, moment arm length, and muscle activation; the potential for identifying the mechanism(s) of strength differences declines. By addressing many of the limitations of previous studies, Morse et al. (3) and O'Brien et al. (5) provide the most valid interpretation of the role of muscle size in strength development in prepubertal/early pubertal children. However further studies are required to support their findings. For example, it is unclear whether, during rapid phases of growth when musculoskeletal growth lags have been associated with both increased tissue preload and muscular overload (2), the relative contribution of neuromusculoskeletal parameters to strength differences alters. The age and maturation of children included in strength studies may therefore further add to the complexity of addressing whether muscle size can fully account for child-adult strength differences. (1), mentioned various physiological and methodological factors, which could account for discrepancies regarding specific force (Fspe) differences reported so far during development. As they rightly indicated, results are tightly related to the scaling denominator used for Fspe calculation and a carefully designed normalization procedure is a prerequisite for reliable comparisons. Although potential differences between anatomical (ACSA) and physiological cross sectional (PCSA) area could explain some of the reported discrepancies, the corresponding quantification method is of utmost importance. Indeed, on the basis of results obtained with various quantification methods of muscle size, we clearly demonstrated that methodological factors can be misleading for physiological interpretations (2) . In a given population, the Fspe calculated using ACSA or anthropometric measurement of muscle volume (MV) significantly increased from childhood to adulthood, whereas no difference was found when MRI was used to quantify MV (2). These discrepancies can indeed be related to the fact that ASCA ignores muscle architecture (i.e., pennation angle and fiber length; Ref.
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3) but we have to acknowledge the lack of a simple method of PCSA measurement. Considering the approximations related to ACSA and anthropometry, the appropriate scaling denominator for Fspe calculation should be MV measured with MRI. Indeed, MV was systematically overestimated by anthropometry and the relative overestimation was significantly larger in children (43.1 Ϯ 15.2%) compared with adults (20.0 Ϯ 10.5%). While other factors cannot be ruled out, we would like to underline that a reliable quantitative method of MV is mandatory to properly investigate strength ability during growth. Morse et al. (3) presented novel data on numerous critical methodological factors requiring close scrutiny when examining the strength-size relationship between adults and prepubertal children. Bouchant et al. (1) reiterated the potential for experimental variability, compared with true maturity-dependent physiological variability. Indeed, the methodological factors we identified (e.g., mechanical advantage, scaling modality, agonist activation, and viscoelastic tendon properties) may form the basis for the inter-muscle discrepancy reported in the specific force data between Morse et al. (3) and O'Brien et al. (4) .
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The working length of the gastrocnemius and vastus lateralis muscles are additional factors as discussed previously (3, 4) . Indeed, as far as we are aware, a systematic examination of the influence of maturation on the length-tension relation is not available. As discussed by Bouchant et al. (1), Marginson and Eston (2) reported a shift to "longer muscle lengths" in children. However, a more compliant tendon in children would lead to a shift in the length tension relation to shorter muscle lengths because the tendon may experience greater strain under loading. The inverse of this has been proposed previously by Reeves et al. (5) who noted that stiffening of the tendon in the elderly would account for a longer working length of the vastus lateralis. When considering the size-strength relationship with maturation, the influence of greater tendon compliance in children, or indeed the fascicular length-tension relation in vivo, has yet to be elucidated.
TO THE EDITOR: Bouchant et al. (1) highlight the widely contradicting literature surrounding the greater strength of adults compared with children, specifically questioning whether any differences in muscle specific tension may play a role. They rightly identify the importance of correctly quantifying maximal muscle force (Fmax) and muscle size (physiological crosssectional area; PCSA) and the impact that failing to do so has had in previous studies; Fmax must be measured at optimum fiber length, rather than optimum or an arbitrary joint angle, and account for agonist inactivation, antagonist coactivation, and moment arms. Additionally, pennation for Fmax and fiber length for PCSA should be measured during contraction at optimal length.
We attempted to systematically address these issues and concluded that the specific tension of the quadriceps muscle is similar in adults and children (55-60 N/cm Ϫ2 ; 4). However, these values are more than twice those from experiments in isolated animal muscle (22.5 N/cm Ϫ2 ; 2). It is unlikely that this difference is underpinned by some physiological mechanism. Rather, it probably highlights the impact of inevitable assumptions in current in vivo models, specifically in the calculation of Fmax, including simplifying the joint biomechanics and force-sharing between synergistic muscles. Notwithstanding these limitations, it must be stressed that there remain muscles in which Fmax and PCSA cannot be quantified because optimal contractile length cannot be reached in vivo (e.g., gastrocnemius; 3). Evidently, the calculation of specific tension in vivo is always complex requiring several assumptions/simplifications, is limited to whole muscle/muscle groups, and for some muscles it is actually impossible. Evaluation of muscle strength in children and adults is a challenging debate, useful in aspects concerning development, nutrition, immobilization, and training. The main observation regarding this Viewpoint is that children vs. adult muscle capacity need multidimensional investigations to get an overview of all involved mechanisms, to avoid erroneous conclusions. In addition to torque and agonist EMG activity, activation deficit (twitch interpolation) as well as coactivation and muscle architecture are indispensable parameters when comparing children vs. adults (2) . As properly discussed in this Viewpoint, MVC is not exactly proportional to ACSA, but with PCSA, since ACSA underestimates muscle fiber area, leading to overestimate MVC/ACSA ratio. With regard to further architectural parameters, magnetic resonance elastography (MRE) indicate differences in phase images and fascicle angles in children vs. adults during low level contraction and thus architectural dependence of muscle stiffness (1) . Furthermore, target force matching is more difficult at low force than at high force levels (5), a hypothesis already put forward (2) . However, maturation, as confounding physiological factor, is disregarded by architectural normalization of muscle strength. For instance, muscle metabolic consumption is different between children and adults, children having higher aerobic contribution to ATP production at initial contractions, while PCr breakdown is reduced (4) . Furthermore, sarcoplasmic reticulum [Ca 2ϩ ] depends on muscle length, what influences muscle stiffness (3), and probably muscle length-strength characteristic relationships. In conclusion, it seems that optimal architectural and neuromechanical normalization should account partly for differences in muscle strength between children and adults, but physiological normalization is seldom taken into consideration.
